(frequency of new cases) or prevalence (frequency of all cases) of the disease in the population tested.
Clinicians order diagnostic tests because the results may change the management of the patient. In the setting of abdominal pain, if the test suggests a high probability of acute appendicitis, then the clinician may choose to perform an appendectomy. If the test suggests a low probability of acute appendicitis, then the clinician may choose to discharge the patient. Likelihood ratios (LRs), which are calculated from sensitivity and specificity, assist the clinician in calculating these post-test probabilities. LR þ refers to the ratio of the chance that the test would be positive in patients with the disease vs the chance that the test would be positive in patients without the disease. LR À similarly refers to the ratio of the chance that the test would be negative in patients with the disease vs the chance that the test would be negative in patients without the disease. A test with an LR of 1 does not offer any new information. 5 A disease is strongly ruled in if the LR þ is greater than 10 and strongly ruled out if the LR À is less than 0.1. LRs unlike predictive values are not affected by disease prevalence, and they can be applied to individual patients to inform clinical decision-making.
History and Physical Examination
Despite advances in diagnostic tests, appendicitis remains a clinical diagnosis. Clinical symptoms elicited by the history may include fever, nausea, vomiting, anorexia, migration of pain to the right lower quadrant, and aggravation of pain by movement. Physical examination may reveal signs of peritoneal irritation in the right lower quadrant or diffusely. Rectal examination may reveal tenderness. Furthermore, there are a variety of named signs that may be associated with appendicitis depending upon the location of the inflamed appendix (Table 2 ) (ie, pain caused by passive extension of the hip caused by a retrocecal appendix irritating the iliopsoas muscle or the psoas sign).
The signs and symptoms described above are common and nonspecific; each individual sign and symptom is only weakly predictive of appendicitis (Table 3) . 4 Furthermore, the differential diagnosis for right lower quadrant abdominal pain is wide and varies with age and gender. When signs and symptoms were compared between children and adults, they were similarly predictive of appendicitis, with the exception of right lower quadrant pain which had a much higher LRþ in adults than in children. 6, 7 Another limitation of relying on clinical findings alone is that elicitation of physical signs is subjective; multiple studies have demonstrated poor inter-rater reliability between 
TABLE 2
Named clinical signs associated with acute appendicitis
Name Description
Dunphy's sign Increased right lower quadrant pain with coughing Obturator sign
Increased pain with flexion and internal rotation of the hip Psoas sign
Increased pain with passive extension of the right hip (can be elicited with the patient lying on the left side) Rovsing's sign Increased right lower quadrant pain during palpation in the left lower quadrant trainees and attending physicians, as well as between subspecialists. 8, 9 For example, Yen and colleagues reported that the inter-rater reliability for several common clinical findings such as rebound tenderness and clinical diagnosis of peritonitis was poor to moderate between pediatric emergency medicine physicians and senior surgical residents. 8 However, when used in combination with laboratory values, the diagnostic utility of the clinical findings increases significantly.
Laboratory Values
Laboratory values that have been associated with acute appendicitis include: leukocytosis, left shift, and elevated markers of inflammation such as C-reactive protein (CRP) and erythrocyte sedimentation rate (Table 3) . 4, 6 As with the clinical symptoms and signs, each individual laboratory test value is only weakly discriminatory and predictive of acute appendicitis. 4 However, combinations of clinical findings and laboratory values or combinations of multiple laboratory values are more discriminatory and predictive. 4 For example, the presence of guarding or rebound and a white blood cell (WBC) count of greater than or equal to 10 Â 10 9 /L has an LRþ of 11.34 (95% confidence interval [CI] 6. 65-19.56) , whereas the absence of both of these variables has an LRÀ D of 0.14 (95% CI 0.08-0.24). 4 A meta-analysis by Anderson revealed that the greatest discriminators and predictors of acute appendicitis included a history of migration of pain, clinical findings of peritoneal irritation, and laboratory values reflecting an inflammatory response (ie, CRP). 4 There have been numerous studies evaluating other potential serum and urinary markers of appendicitis, including but not limited to inflammatory cytokines such as serum interleukin-6, interleukin-8, and tumor necrosis factor alpha 10, 11 ; serum neutrophil proteins such as lactoferrin and calprotectin 12 ; and urinary markers such as leucine-rich a-2-glycoprotein. 13 However, at best, these studies may demonstrate that elevated levels distinguish patients with and without acute appendicitis among those suspected of having the disease. Although these markers are promising, none have been evaluated in a prospective trial comparing their use to conventional diagnostic strategies and evaluating the effect of their use on clinical outcomes and costs.
Scoring Systems
There are several clinical scoring systems that have been used in the diagnosis of acute appendicitis. Alvarado published his scoring system in 1986, also referred to as MANTRELS based on the mnemonic for remembering the combination of 8 signs and symptoms (Table 4) . 14 The score ranges from 0-10; a patient with a score of 5 or 6 is typically observed, whereas a patient with a score of 7 or greater should undergo operation. 14 Since then, there have been several studies evaluating the diagnostic accuracy of the Alvarado score, modified versions of the Alvarado score such as the Pediatric Appendicitis Score, 15 and other scores such as the Kharbanda 16 and Lintula [17] [18] [19] scores (Table 3 ). In general, these clinical scoring systems have better LRs than individual symptoms or signs alone. However, these scoring systems do not have sufficient discriminatory or predictive ability to routinely be used alone to diagnose appendicitis. They have been used to determine the need for further radiologic studies 20 or as a guide for dictating clinical management. 21 
Radiologic Imaging
The use of radiologic imaging in the evaluation of abdominal pain and in the diagnosis of acute appendicitis has increased over time. 22 On one hand, imaging may be helpful in the evaluation of patients with abdominal pain for ruling in or out other diagnoses or for preventing unnecessary operations. 23 On the other hand, imaging could potentially delay operative intervention, and in the case of computed tomography (CT), radiologic imaging exposes patients to the risks of ionizing radiation. 24 Ultrasonography (US) does not expose patients to ionizing radiation but is more operator dependent. In a meta-analysis of US and CT in children and adults, both US and CT were highly specific (93%-95%) in children and adults, whereas CT was more sensitive than US 25 ( Table 2 ).
The Surgical Infection Society and Infectious Disease Society of America guidelines recommend use of intravenous (IV) but not oral or rectal contrast, 3 although a recent meta-analysis suggested that noncontrast enhanced CT scan in adults had reasonably high sensitivity and specificity for clinical decision-making (93% and 96%, respectively). 26 The Surgical Infection Society and Infectious Disease Society of America guidelines recommend helical CT with IV contrast as the test of choice when imaging is indicated in patients with suspected appendicitis, with moderate supporting evidence from 1 or more well-designed but nonrandomized trials. 3, 27 A recent meta-analysis evaluated the effect of CT on negative appendectomies, rates of perforation, and time to surgery in patients with acute right lower quadrant pain. 28 The meta-analysis concluded that preoperative CT resulted in a reduced rate of negative appendectomies but an increase in time to surgery, although there was no increase in rate of perforation. 28 However, of the 28 studies included in the analysis, only 2 were randomized, and most were retrospective cohort studies which can be subject to multiple sources of bias.
There have been only a few randomized trials evaluating different strategies incorporating radiologic imaging on clinical outcomes. Only 1 trial identified a difference in accuracy. Lee and colleagues compared a strategy of mandatory vs selective CT scanning in patients with suspected appendicitis and less than 72 hours of symptoms. There were fewer negative appendectomies (2.6% vs 13.9%, P ¼ 0.07) and perforations (10.3% vs 18.4%, P ¼ 0.24) in the group undergoing mandatory scans. 29 Another trial reported that CT scanning changed management in 26% of patients. 30 Walker and colleagues compared CT scanning to standard management in patients with suspected appendicitis who clinically warranted either observation or operation. Standard management included observation with serial examinations, ultrasound, CT, or operation. Two additional trials of CT scanning vs clinical assessment in patients with suspected appendicitis, 1 in women only, identified no differences in diagnostic accuracy, length of stay, perforation rate, or costs or charges. 31, 32 However, these trials were small, single-center trials and underpowered to identify a small difference in clinical outcome. The use of radiologic imaging in the diagnosis of acute appendicitis has increased over time. Population-based analyses of regional administrative data in the 1980s and 1990s demonstrated a significant increase in the use of US and CT, but no change in the rate of ruptured or negative appendectomies. 22, 33 A more recent follow-up study from the Washington state Surgical Care and
Outcomes Assessment Program showed wide variability in the use of radiologic imaging across the 15 participating hospitals, ranging from 56%-97%. 34 There was also a significant difference in the rate of negative appendectomies, which was correlated to the accuracy of the radiologic studies. 34 This study demonstrates that although the reported accuracy of radiologic imaging tests is high in the published literature, it is important to their diagnostic accuracy within each institution to evaluate their ''real-world'' utility.
Perforated vs Nonperforated Appendicitis
Distinguishing whether or not a patient is likely to have perforated vs nonperforated appendicitis preoperatively may be helpful in terms of counseling the patient about alternatives for management (ie, early vs delayed appendectomy), risk for complications, and the expected postoperative course. The Anderson meta-analysis identified 4 studies that presented data for perforated appendicitis. Based on these studies, high values of laboratory markers of inflammation such as a WBC and granulocyte count and the CRP level were relatively strong predictors of perforated appendicitis, whereas low values were relatively strong predictors of not having perforated appendicitis. 4 Williams and colleagues developed a ruptured appendicitis scoring system for children based on 5 variables, including components of history, physical examination, laboratory values, and CT findings. 35 When the scoring system was applied to the study patient population, it increased the specificity of the pediatric surgeon's preoperative assessment from 83%-98%. 35 This was a singlecenter study that has not been validated in other centers or in adult patients. However, it demonstrates how a combination of clinical findings and test results can improve the diagnostic accuracy for perforated appendicitis.
Future Directions
The above list of diagnostic tests and strategies is by no means comprehensive. Research is ongoing to identify accurate, efficient, and cost-effective methods of diagnosis. Advances have included using molecular techniques for profiling gene and protein expression to identify novel markers for appendicitis. 13, 36, 37 Imaging alternatives to CT scans such as bedside surgeon-performed ultrasound, 38 magnetic resonance imaging, 39 or low radiation CT scanning 40 are being investigated in terms of their diagnostic accuracy and their potential to reduce exposure to radiation. Another avenue of investigation is the use of machine learning and advanced statistical models for informing decision-making. 41 As advances in technology and diagnostic strategies are made, any improvements in accuracy must be balanced against the costs and potential harms.
Conclusions
Acute appendicitis is a common problem that continues to pose diagnostic dilemmas for clinicians. Although clinical findings alone may not be sufficient for establishing a diagnosis of appendicitis, the importance of a thorough history and physical examination should not be underestimated. If additional tests are warranted, their risks and benefits should be considered along with the likelihood that such tests will change the management. Advances in molecular methods, imaging technology, and computer decision support hold promise for the future, but further investigation is necessary to ensure the accuracy, efficiency, and cost-effectiveness of novel diagnostic strategies for acute appendicitis.
Antibiotics vs Appendectomy for Acute Uncomplicated Appendicitis
Appendectomy for acute appendicitis is one of the most common surgical procedures performed worldwide. In the United States, appendectomy incurs considerable indirect costs resulting from time lost from work, school, or usual activities after the procedure. 42 The individual lifetime risk of appendicitis is 8.6% for men and 6.7% for women. 43 Uncomplicated acute appendicitis is considered almost universally to be an indication for an appendectomy. In 1889, open appendectomy was accepted as the treatment standard, because it saved lives, and since that time, the dictum that surgical removal of the appendix is necessary has been largely unchallenged. 44 Almost all surgeons regard acute appendicitis as an invariably progressive inflammatory condition that over time will eventually lead to perforation. Thus, early surgical exploration and appendectomy is advocated for source control. However, appendectomy for nonperforated appendicitis is not without associated harm. The long-term risk of small bowel obstruction is estimated at 1.3% at 30 years after appendectomy. 45 In addition, the ''negative'' appendectomy rate ranges from 10%-20% despite the widespread use of CT scans. [46] [47] [48] Meanwhile, nonoperative management with antibiotics has been established as the treatment for various intra-abdominal infections such as uncomplicated diverticulitis, salpingitis, and neonatal enterocolitis. 49 It is surprising that nonoperative management of uncomplicated acute appendicitis remains largely unexplored despite evidence that it often resolves, either spontaneously or with antibiotic therapy, and has been shown by limited studies to have outcomes equivalent to those of appendectomy. 50, 51 Accordingly, it may be reasonable to call into question the assumptions and ''evidence'' that have supported appendectomy for this condition.
Evidence for Spontaneous Resolution of Appendicitis
Widespread CT scan utilization for the diagnosis of appendicitis has resulted in a significant increase in the number of studies performed annually. 52 This has led to several interesting observations regarding the possibility of spontaneous resolution of appendicitis from several centers. Inclusion of a CT scan result in the Alvarado score has been shown to increase the rate of appendectomy. When classified as having a low likelihood of appendicitis (Alvarado score r 4), patients who underwent a CT scan had an appendectomy rate of 48%. 52 In contrast, those with an Alvarado score r 4 who did not undergo a CT scan had an appendectomy rate of only 12%. Decadt and colleagues made a comparable observation for those patients who presented with nonspecific abdominal pain. 53 The investigators used diagnostic laparoscopy instead of CT scan in the management of patients with nonspecific abdominal pain. Patients were randomized to either (1) diagnostic laparoscopy or (2) nonoperative management (with operative intervention if peritonitis developed). The appendectomy rate was 39% for those randomized to diagnostic laparoscopy and 13% for those managed nonoperatively.
There are also modest epidemiologic data for spontaneous resolution of acute appendicitis. Andersson and colleagues performed a meta-analysis of studies examining the epidemiology of appendicitis. 54 This meta-analysis included more than 50,000 patients from 15 geographic areas who had undergone appendectomy for acute appendicitis. In this study, the incidence of perforated appendicitis was equivalent regardless of geographic area, time, and gender. However, the incidence of acute nonuncomplicated appendicitis differed significantly and correlated strongly to the incidence of removal of a normal appendix and was inversely related to diagnostic accuracy. This led the authors to conclude that the observed incidence of uncomplicated appendicitis was influenced by the willingness to perform appendectomy in cases of suspected appendicitis. A high rate of appendectomy in suspected cases increases the proportion of confirmed cases presumably by adding instances of self-limited inflammation that otherwise would escape detection. 55 These indirect findings and evidence are suggestive that uncomplicated, acute appendicitis may be initially managed nonoperatively.
Nonoperative Management of Acute Appendicitis
Several reports have appeared in the literature over the last half-decade describing nonoperative management of acute, uncomplicated appendicitis (Fig 1) . [56] [57] [58] [59] The trial that has received the most attention was conducted in Sweden. All patients older than 18 years with presumed appendicitis were eligible for inclusion. Appendicitis was diagnosed by the physician based on clinical history, laboratory tests, US, CT, and physical examination. A total of 369 consecutive patients were allocated to antibiotic treatment or surgery ( Fig 2) ; allocation was determined by odd or even date of birth. All included patients remained in their allocated groups during follow-up, even when intention to treat was abandoned owing to criteria defined in the protocol. Patients allocated to antibiotic treatment could have surgery without any predetermined specification if the surgeon in charge deemed it necessary or if the patient preferred initial operation. Study patients received intravenous (IV) antibiotics (cefotaxime 1 g twice and metronidazole 1.5 g once) for at least 24 hours. During this time patients received IV fluids with no oral intake. Patients whose clinical status had improved the following morning were discharged to continue with per os antibiotics (ciprofloxacin 500 mg twice per day and metronidazole 400 mg 3 times per day) for a total of 10 days. In patients whose clinical condition had not improved, IV treatment was prolonged. This study was conducted from May 2006-September 2007 and included 369 eligible consecutive patients. There were 202 patients in the study group (antibiotics) and 167 patients in the control group (appendectomy). In the study group, 106 (52.5%) completed the intended antibiotic treatment, and 154 (92.2%) in the control group underwent an appendectomy. Reasons for nonfulfillment of scheduled treatment included patient preference for the other treatment (33 patients; 30.3%), the surgeon deciding that surgery was necessary based on clinical evaluation (19 patients; 17.4%), and surgery being deemed necessary without any further specification (45 patients; 41.3%). Of 108 patients who initially improved without surgery, 15 (13.9%) had recurrent appendicitis at a median follow-up time of 1 year. One third of recurrences appeared within 10 days following discharge from the hospital. Of the 15 patients with recurrence, 12 had surgery (4 patients had gangrenous or perforated appendicitis and 1 patient underwent ileocecal resection) and 3 had a second round of antibiotic treatment with success. Appendectomy was performed according to the authors' usual practice: single-dose antibiotic prophylaxis, open or laparoscopic technique, and postoperative antibiotic treatment when the appendix was gangrenous or perforated.
Efficacy in the study group according to intention to treat was 48.0% (97 of 202). Eleven of 119 (9.2%) patients who primarily received antibiotics had an appendectomy owing to clinical progression. The preoperative characteristics of these patients were similar to those of the patients who fulfilled the antibiotic treatment. Of 250 surgically explored patients, 223 (89.2%) had appendicitis. Primary treatment efficacy was 90.8% for antibiotic therapy compared to 89.2% for surgical exploration analyzed per protocol. Major complications and total hospital cost for the primary admission were both lower in the antibiotic treatment group.
One of the largest retrospective series reporting nonoperative management of appendicitis comes from Japan. 60 In this retrospective study, Shindoh and colleagues reviewed their institutional experience with nonoperative management of appendicitis. In this report, 367 patients met inclusion criteria (right lower quadrant pain, WBC 4 9000 or CRP 4 1.0 mg/dL). The authors describe the following 3 study groups: (1) initial operation or appendectomy, (2) nonoperative group, and (3) initial nonoperative group converted to surgery (failure). In the nonoperative groups, patients received antibiotics and were evaluated 24 hours later. If the physical examination or laboratory parameters worsened, surgical management was considered. In this cohort, 143 (39%) underwent initial operation (group 1), whereas 224 (61%) were managed with initial antibiotic therapy. In the initial nonoperative group, 91 patients did not respond to antibiotics and underwent appendectomy. 
Conclusions
The data and available evidence regarding nonoperative management of acute appendicitis is provocative. At this time, however, level I data to suggest this is an alternative treatment option are not universally accepted. Despite the fact that appendectomy has been regarded as standard treatment for appendicitis for more than 100 years, there have been reports of patients being managed successfully without an operation. To date, there have been few randomized studies of nonoperative vs operative therapy for acute appendicitis, and none have been conducted in the United States. Yet there is some suggestion that a select group of patients may be managed nonoperatively. At best, we should consider the available data as hypothesis generating and not hypothesis confirming.
One of the inherent difficulties and biases in conducting a well-planned randomized clinical trial centers on pathologic confirmation of appendicitis. On one hand, for those patients with ''suspected'' appendicitis who receive antibiotics only, treatment successes may cause one to consider the underlying diagnosis (''Is it really appendicitis?''). On the other hand, the number of patients who undergo a negative appendectomy is not zero and exposure of these patients to surgical risks and complications is a valid concern. The report by Hansson and colleagues demonstrated a 3-fold increased rate of complications in the appendectomy group when compared to the nonoperative, antibiotic only group.
The data presented herein are suggestive that in selected patients with acute, uncomplicated appendicitis, antibiotic treatment seems to be an appropriate alternative to conventional appendectomy. Multivariate analysis of patient characteristics failed to demonstrate any logistic model for inclusion or rejection of patients for the specified treatments. Furthermore, it confirmed that CRP is not a significant predictor in the assessment of the phlegmonous and gangrenous appendix, unlike total blood leucocyte count. Therefore most patients older than 18 years without obvious signs of intra-abdominal perforation can be offered antibiotic treatment as first-line therapy. Clinical progression and surgical judgment may then determine whether there is a real need for surgical exploration in an expected subgroup of 5%-10% of all patients appearing with suspected or established appendicitis. The benefit would be a significantly reduced frequency of major complications related to surgery. The possible drawbacks to treating acute appendicitis with antibiotics do not appear relevant, despite the well-recognized risk of increased environmental burden and antibiotic resistance; major complications following unnecessary surgery seem a more pertinent risk to patients. Another inherent problem with deciphering the issue of antibiotic therapy is the fact that getting clinicians to agree upon a consensus definition for acute, uncomplicated appendicitis remains problematic. In all likelihood, there is an arbitrary cut-off or threshold by which certain patients probably have a milder form of the disease (Fig 3) and would likely respond to systemic antibiotics alone. Above this arbitrary threshold, antibiotic therapy is unlikely to be effective in eradicating the infection (Fig 4) . To resolve this dilemma, a few of these studies have completed multivariate analyses and found that presence of the fecaliths is predictive of failure. Further studies are needed to create informed multivariate models that adjust for all of the important clinical covariates. This effort may accurately predict which patients may or may not respond to systemic antibiotic therapy alone for the treatment of appendicitis.
Management of Complicated Appendicitis
In the United States, approximately 11 of 10,000 people will develop acute appendicitis over their lifetime, with the typical age of onset between the ages of 11 and 19 years. 61 Of these, an estimated 2%-6% of patients will present with an appendiceal mass, either in the form of an inflammatory phlegmon or abscess. 62 The optimal management of acute appendicitis complicated by an inflammatory phlegmon or abscess remains controversial. There is no consensus in the surgical literature on whether to proceed immediately with appendectomy or initial nonoperative management in this setting of complicated appendicitis. Another dilemma in the management of appendicitis initially managed conservatively with antibiotics is whether or not to perform an appendectomy at a later date (interval appendectomy). The data are disparate regarding actual recurrence rates of appendicitis following nonoperative management, but they are commonly reported between 5% and 20%. [63] [64] [65] In addition to recurrent appendicitis, a clinical concern in older patients who present with a cecal phlegmon is malignancy. In these cases, interval appendectomy allows the correct pathologic diagnosis to be made. 66 The effect of these management decisions on duration of hospital stay, number of interventions, healthcare costs, and overall patient satisfaction must be considered.
Appendiceal Abscess
Appendiceal abscess is commonly associated with delay in presentation, fever, leukocytosis, and a palpable mass in the right lower quadrant (Figs 5 and 6 ). The diagnosis is confirmed with CT or US. Management of these patients remains controversial with the traditional nonsurgical approach of percutaneous drainage and IV antibiotics with or without interval appendectomy vs immediate appendectomy and surgical drainage of the abscess. The evidence supporting both approaches is weak, as most studies are retrospective and often combine patients with appendiceal abscess and phlegmon into a single cohort called ''appendiceal mass.'' Several meta-analyses have been performed to try to identify differences between the 2 treatment strategies. Andersson and Petzold performed a meta-analysis on 19 retrospective studies from 1969-2005. The limitation of this study is the lack of uniform definition of appendiceal abscess vs phlegmon. Nevertheless, the meta-analysis revealed that nonsurgical treatment failed in 7.6% of patients (CI 3.2-12.0). Immediate appendectomy is associated with a higher morbidity with an OR of 3.3 (CI: 1.9-5.6). Based on these findings, the authors recommend nonsurgical management of patients with appendiceal abscess. 67 Similar conclusions were reached by Simillis and colleagues who performed a meta-analysis of 16 retrospective studies and 1 nonrandomized prospective study from 1969-2007 comparing immediate appendectomy (725 patients) vs nonsurgical treatment (847 patients). 68 Immediate appendectomy is associated with greater incidence of ileus or bowel obstruction, abdominal or pelvic abscess, and wound infection compared to nonsurgical treatment. There was no difference in the overall duration of hospitalization, but the immediate appendectomy group required more reoperations. The higher rate of complications associated with immediate appendectomy has been attributed to greater inflammatory response to surgery in the setting of infection, as well as the technical difficulty with inflamed tissue. Most of the studies analyzed in these meta-analyses utilized open appendectomy techniques. The potential disadvantages of early operation may be mitigated by the laparoscopic techniques. Laparoscopic appendectomy results in less local inflammation due to better visualization and instrumentation. 69 St. Peter and colleagues conducted a prospective randomized trial comparing immediate laparoscopic appendectomy to nonsurgical treatment in 40 pediatric patients presenting with appendiceal abscess. 70 Immediate laparoscopic appendectomy tends toward longer operative time (61 minutes vs 42 minutes) compared with interval laparoscopic appendectomy performed at 10 weeks from initial presentation (Fig 7) . The immediate appendectomy group had fewer health care visits and few CT scans. However, there was no difference in recurrent abscess rate, total length of hospitalization, or total charges. They conclude that immediate laparoscopic appendectomy is as safe as nonsurgical management. The safety of immediate laparoscopic appendectomy for appendiceal abscess is supported by several other retrospective or uncontrolled studies. [71] [72] [73] [74] The infectious complications of immediate appendectomy can be reduced by improved laparoscopic techniques, such as use of extraction bag, endostaplers rather than endoloops, and limited irrigation to avoid bacterial contamination. 75, 76 Appendiceal Phlegmon
The management of acute appendicitis complicated by an appendiceal phlegmon typically involves 1 of 3 treatment strategies. The first, and most commonly accepted, is initial treatment with broad spectrum antibiotics and IV fluids until the acute inflammation subsides; appendectomy is then performed on an interval basis. Another strategy involves appendectomy upon initial presentation. Lastly, following resolution of the acute inflammation with broad spectrum antibiotics, the patient is managed expectantly without interval appendectomy. Prospective data comparing these strategies are sparse, with most systematic reviews drawing heavily upon retrospective data.
At present, there is no agreed upon approach for the management of an appendiceal phlegmon. A recently published survey of a group of general surgeons in England found that 75% still favor interval appendectomy following resolution of symptoms. 77 Proponents for interval appendectomy state that removing the appendix is a technically easier operation once the acute inflammation subsides, potentially avoiding inadvertent injury to adjacent loops of involved bowel, as well as extended resection of the cecum or ascending colon. 66 Although the risk of recurrent appendicitis remains small after successful nonoperative treatment of an appendiceal phlegmon, proponents of interval appendectomy state that the risk of interval appendectomy is also small and eliminates the possibility of recurrent appendicitis. 63 In a recent systematic review published by Hall and colleagues, 127 children were managed without planned interval appendectomy. 78 The incidence of recurrent appendicitis ranged from 0%-42% in the 3 studies included in the review, with an overall risk of 20.5% (95% CI 14.3-28.4) (Fig 8) . The complication rates following interval appendectomy were also published in this review, with an overall incidence of 3.4% (95% CI, 2.2-5.1) (Fig 9) . The authors conclude that the likelihood of recurrent appendicitis as well as the risk of complication after interval appendectomy are both sufficiently low that the decision to proceed with interval appendectomy is typically based on clinical criteria. Unfortunately, these data are from retrospective studies; prospective data from a randomized trial comparing these 2 approaches will help further guide surgical management.
Interval Appendectomy
Interval appendectomy provides a tissue diagnosis when diagnostic uncertainty exists. This is particularly important in adults because the differential diagnosis of an inflammatory mass in the right lower quadrant can be quite extensive, with neoplastic etiologies of particular concern. In a systematic review and meta-analysis by Andersson and colleagues, 2771 included patients were initially treated nonoperatively for an appendiceal phlegmon or abscess. 65 On follow-up, 31 patients were found to have a malignant diagnosis. In patients younger than 40 years with an appendiceal mass, only 4 were found to have a malignant diagnosis on follow-up: 2 children had carcinoid of the appendix, a 26 year old woman presented with an ovarian malignancy, and a 25 year old man presented with metastatic gastric cancer. The overall estimate of a malignant diagnosis was 1.2% (95% CI 0.6%-1.7%), with an incidence of 0.2% (95% CI 0.0%-0.05%) in children. Inflammatory bowel disease was established as a diagnosis during follow-up in 0.7% of patients (95% CI 0.2%-11.9%), with a higher incidence again seen in adults. Although primarily retrospective, these data underscore the need for follow-up, either with CT scan or colonoscopy, after successful treatment of an appendiceal phlegmon in adults. The presence of an appendicolith associated with an appendiceal phlegmon deserves special mention because its presence has been used as a guide to proceed with interval appendectomy following successful nonoperative management. A retrospective cohort study published by Ein and colleagues reviewed the outcomes of 96 pediatric patients with appendicitis who presented with either an inflammatory mass or phlegmon and were initially managed nonoperatively by the staff surgeon. 79 Six patients who failed initial nonoperative management underwent appendectomy and were excluded. Forty-one patients were scheduled for elective appendectomy by their surgeon and were also excluded from analysis. The remaining patients were included in the study and their outcomes over a 2-year period were reported. Of these, 37% had an appendicolith and 63% did not. The overall recurrence rate for appendicitis was 42%; in patients with an appendicolith, the recurrence rate was 72% compared to 26% in patients without an appendicolith (relative risk of 2.8 in patients with an appendicolith) ( Table 5 ). The authors conclude that the presence of an appendicolith predicts failure of nonoperative management of peri-appendiceal phlegmon or abscess. It is important to note that the overall recurrence rate of appendicitis in this study is higher than what is typically reported elsewhere in the literature, and this may influence the true effect of an appendicolith on failure of nonoperative management. Unfortunately, there are no data from a randomized, prospective trial evaluating whether or not the presence of an appendicolith is predictive of failure of initial nonoperative management of ruptured appendicitis with phlegmon or abscess. As such, any conclusions from this study should be viewed as hypothesis-generating for a future randomized controlled trial. In deciding whether or not to proceed with routine interval appendectomy following successful nonoperative management of an appendiceal phlegmon or abscess, the effect of cost must also be considered. A cost analysis of interval appendectomy following successful nonoperative management of periappendiceal phlegmon or abscess was conducted by Raval and colleagues 80 In this study, a decision tree analysis was created with outcome probabilities obtained from literature review and cost estimates from the Healthcare Cost and Utilization Project Kids' Inpatient Database. 81 It should be noted that the Kids' Inpatient Database provides a conversion factor for translating total charges into costs. With an estimated probability of successful observation set at 0.85, the cost of observation was calculated to be $3080.78 as opposed to $5034.58 seen in the interval appendectomy arm. Using one-way sensitivity analysis, cost savings were observed up to a 0.60 probability of successful observation (Fig 10) . Stated another way, this represents a 0.4 probability of recurrent appendicitis following observation, which is similar to the recurrence rate published by Ein and colleagues 79 Thus, even in a patient population with a relatively high likelihood of recurrent appendicitis, the cost analysis does not recommend proceeding with elective interval appendectomy. Although prospective data on the management of periappendiceal phlegmon or abscess are limited, 2 recently published randomized trials in children address the question of whether or not to Recurrence, values are presented as n (%). n P o 0.004. Reprinted with permission from Ein SH, Langer et al. 79 offer an appendectomy on initial presentation vs interval appendectomy 82, 83 . It is important to note that these trials include interval appendectomy as a treatment arm; foregoing appendectomy altogether was not specifically investigated. In the study published by St. Peter and colleagues, 40 children with appendicitis complicated by phlegmon or abscess were randomized to either immediate appendectomy or initial nonoperative management followed by scheduled interval appendectomy in 6 weeks. 83 Of note, this is a pilot study in which an outcome variable was not defined or used in a sample size calculation. The number of patients chosen to be enrolled into the study was based on the anticipated clinical volume over a study period of 2 years. Patients who were offered initial appendectomy had a longer operative time (20 minutes), fewer CT scans, and fewer total healthcare visits. Otherwise, the total length of hospital stay, hospital charges, and recurrent intra-abdominal abscess rates were similar between the 2 groups.
Randomized Trial of Interval Appendectomy
A more robust randomized trial was conducted by Blakely and colleagues with 131 total patients enrolled: 64 receiving initial appendectomy and 67 assigned to interval appendectomy. 82 This study was powered to detect a 5-day difference in return to normal activity and intention-to-treat analyses were performed. The primary outcome of time to return to normal activity was chosen as it is readily measured and functions as a composite of many objective and subjective measures. In the primary appendectomy group, time to normal activity was 13.8 [7.5] specific outcomes measured included intra-abdominal abscess, small bowel obstruction, unplanned readmission, and recurrent appendicitis, and these were all seen with higher frequency in the interval appendectomy group. The authors conclude that early appendectomy significantly reduced the time away from normal activity and showed a significantly lower adverse event rate.
Future Directions
The optimal management strategy of an appendiceal phlegmon or abscess remains elusive as most recommendations are based on retrospective data, but recent randomized trials in children indicate that early appendectomy results in faster return to normal activity with favorable complication rates when compared to interval appendectomy. 82 Performing an interval appendectomy following successful nonoperative management with antibiotics and percutaneous drainage, as needed, has yet to be evaluated in a randomized trial. The clinical decision to perform an interval appendectomy in the setting of an appendicolith is based on a retrospective cohort study published by Ein and colleagues 79 As stated previously, the incidence of recurrent appendicitis in this cohort was higher than that seen in other series, and thus influences the recommendation to proceed with interval appendectomy. Higher-quality evidence from prospective, randomized trials will help surgeons decide whether or not interval appendectomy in the setting of an appendicolith is appropriate.
Surgical Options for Acute Appendicitis

Laparoscopic vs Open Appendectomy
The open appendectomy was initially described by McBurney in 1894, and has remained relatively unchanged since its introduction. In 1983, Semm described a laparoscopic approach for removing the appendix, advocating the advantages of laparoscopic surgery for one of the most frequently performed surgical procedures. 84 Because open appendectomy typically involves a small incision, short hospital stay, rapid return to normal activity, and low postoperative morbidity, demonstrating clear superiority of 1 approach over the other has been elusive. Although many randomized control trials comparing open vs laparoscopic appendectomy have been performed, many contain methodological flaws, including inadequate allocation concealment, lack of reporting of randomization method, failure of adequate blinding, lack of analysis by intention-to-treat, and incomplete follow-up data. 85 That being said, these randomized trials, as well as systematic reviews and meta-analyses of these studies, have provided a great deal of insight into the specific benefits and drawbacks of each approach. In deciding between a laparoscopic and open approach, specific issues that must be considered include learning curve, operative time, associated morbidity, cost, pain, cosmesis, hospital length of stay, and time to return to normal activity. Unfortunately, measures vary across studies and conclusions have been inconsistent.
Predictors of Surgical Choice
A large retrospective review of prospectively acquired data comparing outcomes of laparoscopic vs open appendectomy in 222 hospitals participating in the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) was conducted by Ingraham Patients undergoing open appendectomy were more likely to be older, of normal weight, higher ASA class, and more likely to have a variety of comorbidities; these are summarized in (Table 6 ). The analysis of 30-day outcomes following laparoscopic vs open appendectomy showed overall morbidity, serious morbidity, surgical site infection, and serious morbidity or mortality (Table 7) to be higher in patients undergoing open appendectomy, although these complications were generally low in both groups. 86 group. In uncomplicated appendicitis, the risk of both superficial and deep surgical site infection was lower in the laparoscopic group. Although this study evaluates a large number of patients across multiple hospital systems, the data are limited in that retrospective reviews cannot account for specific clinical reasons for why 1 treatment was chosen over another, in this case laparoscopic vs open appendectomy. As such, these clinical decisions function as an uncontrolled confounder. Other limitations acknowledged by the authors include generalizability of the results to non-NSQIP centers and data being limited to those that are collected in the NSQIP database. That being said, the authors conclude that the available evidence from the American College of Surgeons NSQIP database indicates that a laparoscopic approach is associated with fewer complications when compared to an open procedure.
A Cochrane review of 67 trials comparing laparoscopic and open appendectomy was updated in 2010. 87 Of these studies, the vast majority (56) were conducted in adults. The interventions used in the included trials were fairly similar; in laparoscopic cases, 3 trocars were typically used and the appendiceal stump was secured primarily with looped sutures, although 3 trials did use an endoscopic stapler. Antibiotic usage was stated as being the same in both groups for each included trial. Specific outcomes assessed by the included trials most frequently included operating time, complication rates, hospital stay, pain, and return to normal activity. It is important to note that although all participants in the included trials were randomized to either laparoscopic or open appendectomy, the quality of these trials was judged to be moderate to poor, with many of the included studies having similar flaws. Specifically, only 42 trials took adequate measures to ensure that the process of randomization was adequately concealed. Furthermore, protocol violations were seen in nearly all trials with inconsistent analysis on an intention-to-treat basis.
Surgical Complications
Although a variety of complications were evaluated among the 67 trials in the meta-analysis, due to inconsistencies in the definition and reporting of these complications, the authors only examined 2 specific complications in their analysis: wound infection and intra-abdominal abscess. Following laparoscopic appendectomy, wound infections were approximately one half as likely when compared to open appendectomy (OR 0.43; 95% CI 0.34-0.54). This is a highly significant difference based on nearly 6000 appendectomies. Conversely, laparoscopic appendectomy was associated with a nearly 3-fold increase in the likelihood of intra-abdominal abscess when compared to an open technique (OR 1.77; 95% CI 1.14-2.76). These results are similar to the findings published in the NSQIP analysis by Ingraham and colleagues 86 Operative time was 10 minutes longer for laparoscopic appendectomy (95% CI 6-15 minutes), but this difference has been getting smaller with more recently published trials. Laparoscopic appendectomy was also associated with lower postoperative pain, shorter hospital stay (1.1 days; 95% CI 0.7-1.5), and faster return to normal activity (5 days; 95% CI 4-7), although these results are highly heterogeneous and further study is warranted. Hospital and operational costs are higher with laparoscopic appendectomy, but again, these results are strongly heterogeneous. The authors conclude that laparoscopic appendectomy confers many benefits over open appendectomy, and should be strongly considered as the preferred approach where surgical expertise is appropriate and equipment is available and affordable.
Conclusions
The question of whether or not appendectomy should be performed via an open or laparoscopic technique has been inherently difficult to answer because both approaches offer similar advantages, namely, a small incision, low incidence of complications, a short hospital stay, and rapid return to normal activity. Although multiple randomized trials and meta-analyses of these trials have been conducted and published, the data indicate that the choice of surgical approach ultimately remains up to the surgeon. As stated in the Cochrane review, is avoiding 3 superficial surgical site infections for 1 intra-abdominal abscess a reasonable choice? As experience with laparoscopic appendectomy increases and the equipment becomes more ubiquitous, the estimated complication profiles of both operations will become more accurate and precise, and this question can be suitably answered.
Pediatric Appendectomy
Acute appendicitis is one of the most common surgical diagnoses in pediatrics, with an estimated incidence of 59,000-70,000 children per year in the United States. 88, 89 Appendicitis occurs in all age groups, but is rare in younger children. Although the highest incidence is in older children, with 25 cases per 10,000 pediatric patients per year between the ages of 10 and 17 years, there is a reported rate of 1-2 cases per 10,000 in children younger than 4 years of age. In most cases in the United States, this results in an appendectomy in an estimated 7%-8% of the general population. 7, 43, 90, 91 Subsequently, appendectomy is one of the most common operations performed in children.
Prognosis
In general the prognosis for pediatric appendicitis is excellent. The mortality rate for appendicitis is 0.1%-1% with the highest proportion in younger children. 88, 92 Death in infants and neonates is mostly likely due to (1) failure to recognize disease due to its clinical presentation, which is similar to other common conditions in this age group; and (2) the inability of the younger patient to communicate abdominal pain or to manifest systemic symptoms, such as fever. However, there remains significant morbidity and at the time of diagnosis, the rate of perforated appendicitis has been estimated up to 30%. 93 For the same reasons attributed to higher mortality, the rate of perforation has been reported as high as 80%-100% for children younger than 3 years, compared with 10%-20% in children 10-17 years of age. 88, 92 In general, the diagnosis and treatment strategies for pediatric acute appendicitis are not much different compared to adult therapies. Appendectomy is indicated based on the diagnosis of acute appendicitis which, in most cases, can be made clinically. Utilizing history from the patient or caretaker or both, as well as physical signs of localized peritonitis in the right lower quadrant of the abdomen, acute appendicitis should be strongly considered. In equivocal cases, adjunctive imaging such as US or computerized tomography (CT) has proven to be effective. 94 With increased utilization of routine imaging studies, the negative appendectomy rate has decreased to 2%-3% without increasing the perforation rate. 93, 95 Challenges in the treatment of acute appendicitis are generally the same in adult and pediatric patients. Key issues regarding diagnosis, 35, 39 surgical technique, 96, 97 and antibiotic therapy 98, 99 remain unanswered for all patient populations. These specific issues related to the treatment of acute appendicitis are addressed elsewhere in this issue. However, there are specific considerations for pediatric appendectomy that remain controversial. These include the increasing adoption of single-incision or single-port laparoscopic appendectomy (SILS) and the initial nonoperative management of acute appendicitis with or without subsequent interval appendectomy. The surgical treatment of acute appendicitis has evolved over the last 2 decades. Since McBurney's first description in 1894, 100 the transverse or oblique right lower quadrant incision for appendectomy is the incision of choice for the open approach in children. The abdominal muscles are split with the mesoappendix divided prior to excision of the appendix at the base. The appendiceal stump can be closed with a simple ligation, ligation with inversion using a purse-string, or to inversion without ligature. The classic open appendectomy approach described by McBurney is still widely utilized in children, especially in younger patients with thin body habitus. In recent years, laparoscopic appendectomy has gained wide adoption and has been shown to improve patient outcome in multiple reports. [101] [102] [103] [104] [105] [106] Some authors have suggested that the minimally invasive technique is the preferred approach among pediatric surgeons, 107 whereas others have demonstrated heterogeneity in surgical approaches. 108 Although there remains a paucity of high-level clinical evidence to support this superior efficacy, 87, 109 it is indisputable that laparoscopic appendectomy is widely utilized and, at times, expected by patients and their families in the surgical treatment of acute appendicitis in children.
Laparoscopic Appendectomy
The first case of laparoscopic appendectomy was described by Semm in 1983, and was carried out as an incidental procedure during a pelvic exploration. 84 In the last 30 years, controlled studies and meta-analysis in adult patients have demonstrated advantages with laparoscopic appendectomy, including fewer wound infections, faster return to normal activity, and decreased length of hospitalization. 102, 104 However, not until the 1990s was laparoscopic appendectomy established as a reasonable approach in the treatment of pediatric acute appendicitis. 101, 105 The reported advantages of laparoscopic appendectomy, compared to open surgery in children, are similar to those in adults which include shorter hospitalization, fewer wound infections, earlier return to normal activity, and better cosmesis. 101, 103, 105, [110] [111] [112] [113] The standard approach to laparoscopic appendectomy in children usually involves a 3-trocar technique. A 10-to 12-mm cannula is placed in the umbilicus to allow the passage of laparoscopic instruments, the telescope, a ligation device such as a stapler, and the retrieval of the appendix. Two 5 mm cannulae are then placed in the left lower quadrant and midline immediately over the pubis. Various methods, such as endoscopic clips, endoscopic staplers, or thermocoagulating devices, can be used for division of the mesoappendix. 101, 105, 114 Similarly, the base of the appendix can be ligated inside the abdomen with endoloops, endoscopic sutures, or staplers, or can be secured extracorporeally. 105, 114, 115 Single-Incision or Single-Port Laparoscopic Appendectomy
In the evolving era of ''scarless surgery,'' SILS has been utilized for appendectomy. A singleincision laparoscopic-assisted appendectomy for acute appendicitis was first reported in adults patients in 1992. 116 Soon thereafter, this surgical approach began to be reported in children, with the first reports utilizing a single umbilical incision with a laparoscopic-assisted appendectomy, in which the appendectomy was performed after exteriorization through the umbilical incision. 117 Since then, several techniques under the auspices of SILS have been utilized including natural orifice transluminal endoscopic surgery and many variations of single-incision techniques. [118] [119] [120] [121] In general, there are various approaches to SILS for appendectomy ranging from single-port SILS which utilizes conventional or specialized instruments through a single skin incision, without regard to number of fascia incisions [122] [123] [124] [125] [126] to a single-incision, laparoscopic-assisted operation in which the appendix is exteriorized and open techniques are utilized. 122, 124, 127 The touted advantages of the SILS approach to appendectomy are similar to general laparoscopy compared to open operations, including less pain, faster recovery, and better cosmesis. However, critics countered these with concerns about increased costs, longer operation times, and higher complication rates. 124 Unfortunately, comparative evidence for SILS appendectomy in children has been limited despite its widespread adoption into clinical practice. In adult studies comparing SILS with conventional 3-port laparoscopic appendectomy, advantages in cosmetic outcomes were at the cost of longer operation times and substantial early postoperative pain. 123 Oltmann and colleagues 128 reported that SILS with appendectomy is feasible and safe in the pediatric population. Although operating times were longer than the conventional 3-port laparoscopic appendectomy, the authors suggested these should improve with better instrumentation and experience. St. Peter and colleagues 127 reported on the only randomized control trial comparing SILS-assisted appendectomy to conventional 3-port laparoscopic appendectomy in 160 children with nonperforated acute appendicitis. Utilizing an extracorporeal appendectomy, there was a nonsignificant difference in wound infection rates of 3.3% for SILS patients compared to 1.7% for conventional laparoscopy.
Although there was a statistically significant difference in operative time between the 2 approaches, the SILS technique was only 5.4 minutes longer (29.8 7 11.6 vs 35.2 7 14.5 minutes). The investigators suggested that the difference was not clinically relevant and both techniques had comparable outcomes. Clinical evidence that supports the laparoscopic approach for complicated (perforated or intraabdominal abscess) appendicitis remains controversial. The concern over greater incidence of intraabdominal abscess following the laparoscopic approach was reported in some studies [129] [130] [131] but not supported by others. 110, 113 Because of the increased morbidity associated with complicated disease, some surgeons have opted for an initial nonoperative approach. 127, 132, 133 Using nonoperative treatment for complicated appendicitis followed by interval appendectomy obviates the need to manage the inflammatory environment in the acute stage. Such a strategy has been shown to be successful in treating most of the cases of complicated appendicitis with shorter hospitalization, lower charges, and lower morbidity.
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Pediatric Interval Appendectomy
Although early appendectomy remains the accepted conventional treatment for simple acute appendicitis in adults and children, the treatment strategy for complicated disease, such as perforated appendicitis and appendiceal mass, is controversial. [134] [135] [136] [137] [138] With early appendectomy, patients undergo an urgent appendectomy within the first 24 hours of hospitalization, and any intraabdominal abscess is drained during the operation. Alternatively, with interval appendectomy, the appendectomy is planned for 6-8 weeks after the initial diagnosis, after the patient has been discharged and is back to normal activity. Intra-abdominal abscesses are percutaneously drained, if possible. Several retrospective studies have reported that interval appendectomy has shown the benefits of reducing major complications, fewer wound infections, and shortening the hospital stay, as well as decreasing the overall cost of treatment. 68, 134, 135, 139 The need and timing for interval appendectomy at 2-3 months following initial medical management remains unclear. 132, 134 Recent evidence has shown that acute appendicitis can be treated successfully nonoperatively in adults and children. 58, [140] [141] [142] Two meta-analyses have demonstrated that conservative treatment with antibiotics only is associated with a lower risk of complications without differences in length of hospitalization. 68, 143 However, the success of initial nonoperative treatment of complicated appendicitis has stimulated some surgeons to question the need for subsequent interval appendectomy. Some have suggested that interval appendectomy is unnecessary. 78, 144, 145 Others support the need for interval appendectomy based on the risk of recurrent appendicitis.
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Conclusion
Appendectomy is one of the most common surgical procedures in children. Evolution of the clinical practice in the treatment of acute appendicitis in children has resulted in an extremely low mortality rate. As such, clinical research has focused on reduction in morbidity. Despite the frequency of acute appendicitis in children, there remains a paucity of evidence-based treatment guidelines and lack of consensus on treatment strategies.
Management of the Unanticipated Appendiceal Neoplasm
An unanticipated appendiceal neoplasm may be encountered at any elective or emergency abdominal operation. It is estimated that nearly 50% of cases manifest as appendicitis, but variable presentations have also been reported. 147 The pathology and behavior of appendiceal neoplasms are diverse, which only complicates the confusing classification and terminology. 148 Increasingly, an appendiceal neoplasm may be suspected on radiological cross-sectional imaging for diagnosis or staging of abdominal disease. In a number of cases, an appendiceal neoplasm is discovered on histopathologic analysis of an appendectomy specimen. Unfortunately, these factors lead to diagnostic and therapeutic challenges, particularly for those surgeons who provide predominantly emergency surgical services. The aim of this review is to summarize the incidence, classification, presentation, and management of the common appendiceal neoplasms. Algorithms to assist therapeutic decisions and management of unexpected appendiceal neoplasms will be discussed.
Appendiceal Neoplasms
Embryologically, the appendix arises as a small diverticulum of the cecum, and any neoplastic pathology of the colon can occur in the appendix. 149 Appendiceal neoplasms are thought to account for 0.4%-1% of all gastrointestinal malignancies. 150 Their clinical presentation is unpredictable, as most manifest with appendicitis as a consequence of luminal obstruction. Some appendiceal lesions are obvious at operation, but a number are found only on histopathologic analysis of appendectomy specimens. In reports of several large series, appendiceal neoplasms were found in 0.7%-1.7% of specimens. 151 The classification of appendiceal neoplasms has been controversial. [152] [153] [154] Although several classifications have been suggested, lack of standard terminology for both benign and malignant lesions has hampered valid comparisons between studies. 155 Several investigators have proposed a simple classification of epithelial appendiceal neoplasms. 156, 157 This classification schema includes carcinoid neoplasms, resulting in an inclusive classification system for appendiceal neoplasms (Table 8) .
Nonepithelial Tumors of the Appendix
Carcinoid Tumors
Carcinoid tumors can arise from the neuroendocrine cells of any part of the gastrointestinal tract, and are the most common primary neoplasm in the appendix. 158, 159 The annual incidence of neuroendocrine tumors of the appendix is 0.16 per 100,000, with a comparable frequency in men and women. 160 Little is known about the epidemiology of these tumors and associated risk factors. 161 Appendiceal carcinoids are detected in 0.3%-0.9% of appendectomy specimens, and commonly present as appendicitis (50% of cases) or as an incidental lesion at appendectomy, laparotomy, or laparoscopy. 162 A carcinoid of the appendix is most likely to be located in the tip or distal third of the appendix, and is usually a small, round, well-demarcated, globular swelling. 163, 164 These features may help to identify an appendiceal tumor found at operation as a carcinoid and may assist management decisions. Small carcinoids of the appendix rarely metastasize, unlike those in other locations in the gastrointestinal tract. Adverse prognostic features with an increased risk of metastasis include tumors greater than 2 cm and meso-appendiceal extension. 165 Most carcinoids are small and can be Surgical therapy remains the only potentially curative treatment for well-differentiated carcinoid tumors of the appendix. Small (o1 cm) carcinoid tumors confined to the tip of the appendix that are completely excised can be considered cured if there is no evidence of lymphovascular invasion. However, there are a few situations that require additional consideration. Approximately 10% of patients will be found to have the base of the appendix involved with tumor. Most appendiceal carcinoids are typically considered benign; however, deep invasion or regional metastases have been reported among tumors 1-2 cm. 167 Careful pathologic examination of the specimen is mandatory.
Epithelial Lesions of the Appendix
Malignant Epithelial Lesions
Malignant epithelial tumors of the appendix range from low-grade mucinous neoplasms to invasive adenocarcinomas. This range incorporates a spectrum of disease, often difficult to classify histopathologically, with only the clinical behavior over time truly defining the biologic nature of the tumor. Ronnett and colleagues have classified appendiceal mucinous neoplasms into 3 groups: disseminated peritoneal adenomucinosis, peritoneal mucinous carcinomatosis, and an intermediate group. 169, 170 Others have classified mucinous neoplasms into low-grade mucinous neoplasms and adenocarcinoma (high-grade neoplasms). 171, 172 In light of the difficulties regarding pathologic classification and uncertain clinical behavior, it is recommended that all patients with an appendiceal neoplasm be discussed at a multidisciplinary gastrointestinal oncology conference.
Low-Grade Mucinous Neoplasms
A variety of terms have been used to describe appendiceal mucinous lesions that are not frankly malignant, including cystadenomas, mucinous tumor of unknown or uncertain potential, disseminated peritoneal adenomucinosis, malignant mucocele, and ''borderline'' appendiceal tumors. 150, 160 These tumors may spread in the peritoneal cavity, producing mucinous intraperitoneal ascites, resulting in pseudomyxoma peritonei (PMP). 148, 173 The precise etiology and pathophysiology of PMP is a matter of some debate. Some suggest that mucinous material outside the appendix, including mucin-producing cells, arises from a ruptured adenoma, and that only if there is histologic evidence of infiltrative invasion should the condition be categorized as ''adenocarcinoma.'' 170, 174, 175 An alternate view considers any production of mucin by epithelium outside the appendix to indicate a mucinous carcinoma, which may vary from low-grade to highgrade mucinous adenocarcinoma. 176 Many institutions use the term ''low-grade mucinous neoplasm'' to describe lesions with scant mucinous epithelium that demonstrate varying degrees of cellular atypia in conjunction with extracellular mucin accumulation. 156 Some cases show evidence of extra-appendiceal mucin with or without obvious rupture of the appendix. These lesions often present with acute appendicitis or a right lower quadrant mass. 177, 178 Others present with abdominal swelling secondary to mucin, or mucin in a hernia sac. 179, 180 (Fig 11) . Many cases are incidental findings at laparotomy, laparoscopy, or other radiologic imaging. 181 The prognosis of these neoplasms is dependent upon whether they have perforated and whether mucin and epithelial cells are present outside the appendix. 182, 183 Perforated low-grade mucinous neoplasms with extra-appendiceal mucin almost inevitably result in PMP, although this phenomenon may take several years to manifest clinically. Such perforated tumors are best treated with macroscopic tumor removal (cytoreduction) combined with an intraperitoneal chemotherapy regimen. [184] [185] [186] [187] The rationale for this intensive treatment is based on the likely pathophysiology of PMP. As an appendiceal adenoma enlarges and occludes the appendiceal lumen, it leads to distention with mucinous tumor cells and mucus. Eventually, perforation occurs as the primary lesion continues to grow slowly, but due to appendiceal rupture epithelial cells within the peritoneal cavity also proliferate and produce large quantities of mucus. Due to the rarity of mucoceles and mucinous appendiceal neoplasms, the epidemiology of PMP is not well understood. A recent population-based study from The Netherlands examined 167,744 appendectomy specimens. 188 A mucocele or epithelial neoplasm was identified in 1482 patients (0.9%). A benign lesion (including mucocele) was found in 1 of every 150 appendices (0.7%) and malignancy in 1 of every 460 appendices (0.2%). One of every 163 resected appendices (0.6%) contained an epithelial neoplasm: 56% mucinous and 44% nonmucinous. The mucinous epithelial neoplasms were benign in 73% and malignant in 27%, whereas this distribution was 53% vs 47% for the nonmucinous epithelial neoplasms. One of 11 patients (9%) with a primary epithelial appendiceal lesion (including mucocele) developed PMP. The chance of developing PMP was significantly higher in patients with a mucinous epithelial neoplasm (20%) as compared with patients with either a mucocele (2%) or a nonmucinous epithelial neoplasm (3%) (P o 0.001).
Appendiceal Adenocarcinoma
Appendiceal adenocarcinomas are rare, with reported incidences varying from 0.08%-0.1% of all appendectomies. 189 These patients usually present with right lower quadrant pain or an abdominopelvic mass, and up to 88% may present with symptoms consistent with appendicitis. 190 The extent of disease may be such that an appendiceal primary is impossible to confirm or exclude even at laparotomy or autopsy, and extensive investigations are frequently inappropriate with such advanced disease. Reported series of appendiceal adenocarcinoma are difficult to compare, as terminology and classification of these lesions have not been consistent. 191 Adenocarcinoma of the appendix has traditionally been treated by right hemicolectomy, with improved survival in patients undergoing right hemicolectomy compared with appendectomy alone. 192, 193 Incidental Finding at Operation
An appendiceal tumor may be encountered during an operation for appendicitis or an abnormal appendix may be noted incidentally, during an open or laparoscopic procedure (see algorithm in Fig 12) . Initial assessment of the appendiceal tumor should include noting its size and identifying features typical of one of the more common appendiceal neoplasms (solid vs cystic consistency). In addition, inspection and palpation of the appendiceal base and mesoappendix, as well as an assessment of whether or not the appendix is perforated, provides additional critical information. The operating surgeon should look carefully for evidence of extra-appendiceal disease, such as mucin (which should always be sent for cytologic analysis), local lymphadenopathy, or obvious disseminated metastatic spread. Sites of possible primary disease (including the ovaries in female patients) and synchronous colorectal malignancies should also be sought. Laparoscopy facilitates an examination of the peritoneal cavity, although it lacks the tactile input achievable at laparotomy. 194 If the tumor is confined to the appendix, smaller than 2 cm, without evidence of mesoappendiceal involvement, and not involving the base of the appendix, appendectomy is appropriate treatment. 195 Rarely will definitive pathology require further surgical intervention. The evidence examining the role of laparoscopic appendectomy for the resection of these neoplasms is limited. If there is concern at laparoscopy, particularly if an appendiceal neoplasm is greater than 2 cm, the procedure should be converted to a standard laparotomy. 196 Midline ports should be considered because these locations facilitate a much easier excision should a secondary procedure be performed at a later date. Extreme care should be taken to ensure the mesoappendix is resected satisfactorily and that there is an extensive washout of the peritoneal cavity and surgical wounds. It is of critical importance that appendiceal neoplasms are removed intact. This can be challenging with a large mucin-filled appendix, and may require a larger incision or conversion to an open operation. If the appendix has ruptured just before removal or during the operation, it is important to remove all free mucin and perform a thorough peritoneal lavage. Such patients, and those who present with a perforated mucinous neoplasm, without evidence of any extra-appendiceal spread, are at risk of developing PMP and require careful postoperative surveillance. An initial CT scan of the abdomen and pelvis as well as the following tumor markers provides baseline measurements: carcinoembryonic antigen, cancer antigen CA-125, and CA-19-9. 
